Acceptance of new agricultural technology can lead to significant increase in productivity, income and improve livelihood of rural poor farmers in Nigeria. The study assessed adoption behaviour of the beneficiaries of Multinational (New Rice for Africa) NERICA Rice Dissemination Project in Ekiti State, Nigeria. Simple random sampling technique in a multistage sampling procedure was used to select 52 beneficiary rice farmers. Data were collected through the use of structured interview schedule and analysed using mean score, adoption index, multiple regression and factor analysis. The results revealed that majority (80.4%) of rice farmers were males, average age of the farmers was observed to be 40years and average farming experience of the famers was found to be 19years. Also, results showed high adoption score for planting distance, early planting, late planting and harvesting duration (61%), fertilizers use (95%) and herbicides use (75%), while water efficiency methods (26%) and improved rice varieties (48%) of the NERICA disseminated technologies had low adoption. Regression analysis indicated that only age and number of years spent in school influenced adoption decisions of rice farmers. The perceived serious constraints to adoption of improved NERICA rice technologies were menace of birds on rice field (M = 4.96), menace of grass cuter (M = 4.47), high cost of labour (M = 3.41), poor access to road (M = 3.61) amongst others. Also, the perceived not serious constraints to adoption of improved NERICA rice technologies were lack of sufficient land (M =1.96), untimely availability of improved NERICA rice varieties (M = 1.92), inadequate knowledge about rice processing techniques (M = 1.78), inadequate access to NERICA rice varieties (M = 1.59) and incompatibility of innovations conflict between technology and norms of the people (M = 1.59). Therefore, the study recommends that researchers should increase farmers' participation and interaction of local and ecological knowledge to enhance generation of socially, economically and ecologically adaptable rice varieties.
INTRODUCTION
Rice (Oryzasativa) is an important food crop. It is an ancient crop consumed as a healthy and staple food by more than half of the world's population [1] . Rice production in Nigeria increases gradually over the years, with area expansion surpassing major rice producing countries like Côte d'Ivoire and Sierra Leone [2] . However, demand in recent times has not been accompanied by a corresponding rise in production. This is attributed to wide spread poverty, dominance of the nation's agriculture by smallholders [3] the use of relatively primitive tools for farm operations [4] , lack of exposure to improved agricultural technology (improved seeds, fertilizers, and pesticides) and inadequate farm mechanisation aids by government [1] .
In order to increase and improve rice production in Africa, New Rice for Africa (NERICA) technologies were disseminated to the rice growers through the implementation of Multinational NERICA Rice Dissemination Project in some countries across sub-Saharan Africa (SSA) including Nigeria in 2005. New Rice for Africa is a group of rice varieties resulting from the inter-specific crossing between the Asian rice (Oryzasativa) and the African rice (Oryzaglaberrima) [5] . New Rice for Africa symbolises hope for many Nigerian rice farmers for it is well adapted to the harsh growing environment in the country where smallholder farmers struggle in rural and urban communities, spending most of their meagre income on rice production activities [6] . It has advantages over imported rice widely available in Nigerian local markets. Moreover, it has early maturity rate of 50-70days, resistant to local stress (blast, stem borer and termite) and high quality of protein content (25%) [2] .
In Nigeria, with the aim to enhance rice production and increase income of smallholder farmers in the country, multinational NERICA Rice Dissemination Project (MNRDP) was implemented in 2005 in six States including Ekiti State where this study was carried out. The participating States were selected due to their potential for increased rice production, interest and enthusiasm demonstrated by the upland rice growers during NERICA participatory variety selection (PVS) programme, available culture of rice growing and farmer groups and community-based institutions which were supportive of rice development programmes [7] . New rice for Africa technologies disseminated in the state include improved rice varieties, agronomic practices, and agrochemicals.
Objectives of the study: 1. Describe the socio-economic characteristics of the NERICA rice farmers, 2. Determine the level of adoption of NERICA improved rice technologies, 3. Determine factors that influence adoption of NERICA rice technologies and ascertain the perceived constraints on the adoption of NERICA.
THEORETICAL FRAMEWORK
The role of technological innovations in raising agricultural productivity and in fostering overall agricultural development is well-known and was documented in 2008 [8] . There is now renewed interest for greater investment in agricultural innovation in Africa, a continent where the vast majority of the population derive its livelihood from agriculture and where farmers are among the poorest in the world despite a largely unexploited agricultural potential with respect to land and water [9] . Agricultural innovation needs to internalize the biophysical, institutional and socio-economic constraints and establish efficient value chains to support sustainable growth and to reduce poverty. This is a challenging task, given the numerous failed experiences of the past. Agricultural research can catalyze agricultural innovation and value chain development. One such example is the New Rice for Africa (NERICA) rice varieties that were developed by the Africa Rice Centre [9] . This paper looks at the issues about adoption by end users and factors that affect adoption. A study carried out by Adedeji et al. [5] They found that membership of a farmer's group, formal education of the household head, and the number of household members significantly increased the probability of adopting NERICA varieties. They also showed that rice-growing experience, membership to a farmer's group, and formal education increased the scale of area planted to NERICA varieties. The land size per person had a negative effect on the share of land planted to NERICA varieties, which suggests that land-poor households tend to allocate a larger proportion of land to cultivation of NERICA varieties
The adoption of the high yielding variety has positive effect on household well-being in Bangladesh [11] . Kijima et al. [12] observed in this study positive impact of NERICA in Uganda and also found out that NERICA adoption reduces poverty without deteriorating the income distribution. Varietal attributes such as swelling capacity and short growing cycle were important determinants of adoption of NERICA varieties [13] .
METHODOLOGY

Study area
The Data were collected from beneficiary rice farmers through the use of structured interview schedule. The interview schedule administered to beneficiary rice farmers contained relevant questions based on the objectives. Content and face validity were carried out to ensure that the instruments effectively collect the data they were meant to collect. Lecturers in the Department of Agricultural Extension, University of Nigeria, Nsukka validated instrument before they were administered to respondents. The instruments were pre-tested in Igbemo, a town community in Irepodun/Ifelodun Local Government Area of Ekiti State. For reliability, test and retest technique was employed. The coefficients of test retest for the instrument was alpha coefficient of 0.863.
The data collected were analysed using descriptive statistics, adoption index, and multiple regression analysis. Descriptive statistics entails the frequency tables, which show the distribution of the socio-economic characteristics of the farmers such as age, sex, household size, farming experience, educational attainment and number of extension visits per year. The adoption index shows the adoption levels of the improved technologies disseminated to the rice farmers. The items that are involved in adoption levels of rice improved technologies include: water efficiency methods, improved rice varieties, planting method, agronomic practices, fertilizer application and herbicide application. The stages or steps that an individual goes through in adopting an innovation are in a flow chart below.
Figure 1: Stages or steps of adoption
The adoption indices of the farmers were calculated as follows:
• Computation of the total mean (M) adoption score. This was computed by dividing the total adoption score by the number of respondents (n =52).
• Computation of the grand mean (M) adoption score. This was calculated by adding all the adoption scores and dividing them by the number of innovations considered.
• Computation of the adoption index, this was carried out by dividing the grand mean (M) adoption score by 5 (that is, the 5-stages of adoption).
To ascertain the perceived constraints to adoption of NERICA rice technologies, a list of possible constraints was presented to respondents to indicate the level of their perceived seriousness on a 3 point Likert-type scale: very serious = (3); serious = (2); not serious = (1). These values were added to obtain a value of 6 which was divided by 3 to get a mean score of 2.0. Variables with mean score less than 2.0 were regarded as not serious while variables with mean score equal to or above 2.0 were regarded as serious constraints.
The regression analysis shows the socio-economic factors that determine the adoption of NERICA technologies. The model of the regression analysis is as follows:
Where Y = adoption of NERICA improved rice technologies, X1 = age (years); X2 = years spent in formal education (years); X3 = household size (actual number); X4 = number of extension visits per year; X5 = size of farm (hectares); X6 = sex (dummy: male = 1, female = 0); X7 = farming experience (years); α = constant; β1 -β7 = parameters to be estimated. 
RESULTS
The results presented in Table 1 show that majority (80.4%) of the farmers were males, while less than 20% were females. The average age of the farmers was observed to be 40years, as majority of them (39%) falls within age's 40-49years.It was observed that 86% of the farmers were literates, with over 37% completed secondary school education. Majority (49%) of the farmers had farming experience ranging from 11-20years, which puts the average farming experience at 19years.Over 70% of the rice farmers had contact with Agricultural Development Project (ADP) officials more than 10 times in a year. Table 2 showed adoption levels of rice improved technologies disseminated by Multinational NERICA Rice Dissemination Project in the study area, Table 3 showed factors influencing the adoption of rice improved technologies which include: age of the farmers, number of years spent in school, household size, extension contact, farm size, farm experience and sex. Table 4 showed constraints to adoption of improved NERICA rice technologies, which include menace of birds, menace of grass cuter, inadequate access to NERICA rice varieties, incompatibility of innovations (conflict between technology and norms of the people), and inadequate technical knowledge.
DISCUSSION
The results of socio-economic characteristics of rice farmers
The results presented in Table 1 show that majority (80.4%) of the farmers were males, while less than 20% were females. The high number of male rice farmers is due to land ownership rights that the male farmers have over their female counterparts and the laborious nature of rice production in the area. The average age of the farmers was observed to be 40years, as majority of them (39%) falls within age's 40-49years. This shows that farmers are still in their economically active age (15-64 years) and might still be interested in seeking new innovations that can improve their overall rice production. This finding is in line with the report of Nwalieji and Uzuegbunam [16] who reported that majority of rice farmers are still within their middle, active and produce ages and hence can engage efficiently in rice production. It was observed that 86% of the farmers were literates, while over 37% completed secondary school education. Literacy could positively influence their propensity to adopt new knowledge and practices in rice production. The average household is 7persons. Majority (49%) of the farmers had their farming experience falling within 11-20years, which puts the average farming experience at 19years. This reveals that most of the farmers have been in rice farming for a long time. Over 70% of the rice farmers had contact with ADP officials more than 10 times in a year. This shows that rice farmers had robust access to extension services which enables them to understand technical and agricultural information about NERICA rice technologies. Lahai et al. [17] found a direct relationship between farmers' frequency of contact with extension agents and their levels of participation in extension education. It was viewed that, frequent contact of farmers with extension agents helps them to internalize well the extension education they receive as issues can be clarified whenever the contact occurs. Also, farmers' frequency of contact with extension agents has a direct relationship with effectiveness of extension the more the frequency of contact of farmers with extension agents the better the effectiveness of the extension service [18, 19] . Table 2 reveals the adoption levels of improved rice technologies disseminated by Multinational NERICA Rice Dissemination Project to rice farmers in Ekiti State. The NERICA improved rice technologies were water efficient in rice production, improved rice varieties, planting method, agronomic practices, fertilizer and herbicide use.
Adoption Level of NERICA Improved Rice Technologies
Water efficiency
Entries in Table 2 indicate that water pumps had higher adoption mean score of 1.43, while channelization had adoption mean score of 1.14. Their grand mean was 1.29, with adoption index of 0.26. The adoption mean scores could imply that majority of the NERICA participant farmers are still at awareness level of the adoption process in the water efficiency methods of rice production. The adoption index of 0.26 means that 26% of the farmers have adopted the technology and the adoption process is still below average. The low adoption of these technologies means that provision of water facility (digging of a borehole in a farmer's field) would not have encouraged farmers to accept this technique of making water efficient in their farms.
Improved rice varieties
New rice for Africa (NERICA) 1 (onitiro, Yoruba language in Nigeria) had the highest adoption mean score of 3.12. This was followed by NERICA 8 that had adoption mean score of 2.98, and NERICA 7 with mean adoption score of 2.25. FARROW 44 had adoption mean score of 1.94 and FARROW 52 had adoption mean score of 1.63. The grand mean was 2.38, with adoption index of 0.48. This implies that majority of NERICA beneficiary farmers were still at interest level of the adoption process in the use of improved rice varieties disseminated by the MNRDP. The adoption index implies that 48% of the beneficiary farmers had adopted all the technologies disseminated under the improved rice varieties, and it also implies that farmers are still below average in adoption level. The low adoption of the technologies might be due to some serious constraints to adoption of improved NERICA rice technologies in the area, such as menace of birds, menace of grass cuter, poor access road to farmers' farms and high cost of labour et cetera. This finding is in agreement with Adedeji et al. [5] who reported that low adoption of NERICA rice varieties was largely due to incidence of pests such as rodents and birds.
Planting methods
Broadcasting had a higher adoption mean score of 3.67 and followed by dibbling (20cm by 20cm) with adoption mean score of 2.43. The grand mean was 3.05, with adoption index of 0.61. The grand mean implies that the farmers are still at the evaluation level on the adoption process in the use of planting methods. The adoption index of 0.61 means that 61% of the farmers had adopted the technologies, but at above average level. The findings show that majority of the rice farmers preferred broadcasting as a planting method. The high adoption could be because it is less stressful and time-saving and probably less capital/labour intensive. Direct seeding in form of broadcasting and drilling was the main establishment technique of planting rice in Oyo State, Nigeria [20] . Table 2 reveals that late planting (May -June) had the highest adoption mean score of 3.53. This was followed by late harvesting (September -October) (M = 3.35) and timely harvesting (July -August) (M = 2.65). On the other hand, early planting (March-April) had adoption mean score of 2.63 and planting spacing (20cm by 20cm) had adoption mean score of 1.63. The grand mean was 2.76, with adoption index of 0.55. The grand mean implies that the farmers are still on evaluation level of the adoption process in the use of agronomic practices disseminated to the project farmers. The adoption index of 0.55 means that 55% of the beneficiary farmers have adopted the technologies at above average. These findings could be due to the necessity or importance of agronomic practices in rice production.
Agronomic practices
Fertilizer use
The Nitrogen, phosphorus and potassium NPK 15: 15: 15 had the highest adoption mean score of 4.92. This was followed by urea with adoption mean score of 4.76 and broadcasting (method of fertilizer application) at adoption mean score of 4.53. The grand mean was 4.73, with adoption index of 0.95. The grand mean implies that the beneficiary farmers have adopted the fertilizer package disseminated by the NERICA project. The adoption index of 0.95 could imply that nearly all (95.0%) the NERICA beneficiary rice farmers had adopted each of the three innovations under fertilizer use and are at adoption stage of the adoption process. This could be attributed to the importance of fertilizer application which rural farmers still depend on in order to improve their productivity. This is in agreement with Adeola et al. [20] who asserted that all rice farmers apply chemical fertilizers to their rice farms; however, there are differences in the quantity of the fertilizers applied owing to differences in their abilities to purchase the input.
Herbicide use
Oryzo Plus had the highest adoption mean score of 4.86. This was followed by Touchdown with adoption mean score of 3.75 and lastly, Solito had an adoption mean score of 2.43. The grand mean was 3.68, with adoption index of 0.74. The grand mean implies that farmers are still at the trial level of the adoption process in the use of herbicide disseminated by NERICA project. The adoption index of 0.74 means that 74% of the farmers had adopted the technologies under herbicide application, the adoption level of the farmers was above average. The high adoption of herbicide application explains the importance of herbicide farmer needed to put in place against weed, insect/disease and pest in their farms. The use of herbicide has been observed as major labour-saving device as the labour requirement for weeding always accounts for a high proportion of the total farm labour cost in rice production [21] . Weeds reduce farm and forest productivity, they invade crops, smother pastures and in some cases can harm livestock. They aggressively compete for water, nutrients and sunlight, resulting in reduced crop yield and poor crop quality [22] . Table 3 shows that from regression results, there was no significant relationship (F = 1.433; p≤ 0.05) between the socio-economic characteristics of the rice farmers and adoption of disseminated NERICA rice technologies. The variables were age (years), number of years spent in school, household size, extension contact, farm size, farming experience and sex.
Factors influencing the adoption of rice improved technologies
The R Square value (0.189) indicates the proportion of variability in the adoption of the improved rice technologies which were accounted for by the multiple regression equation. The adjusted R Square (0.057) is an estimate of r 2 for the population. Nearly 6% (adjusted R Square) of the variance in adoption of improved rice technologies is explained by age and number of years spent in school.
The B value is the regression coefficients for the variables (example age (0.01)), but these values do not show the level of importance of each predictor variable. The level of importance is shown when the B value have been transformed into standard scores (beta B values). Therefore, the standardized coefficients Beta reveal age of the farmers (0.46) had much influence on adoption of improved rice technologies than household size (0.12) and farming experience (-0.37). Table 3 shows that age of rice farmers had a positive influence on adoption of improved rice technologies. This agrees with findings of Adedeji et al. [5] , Mamudu et al. [23] , and Saka et al. [24] that age of the farmers was part of the most significant socioeconomic variables influencing the level of adoption of improved rice technologies. Age of farmers can determine their decision to adopt new technologies. The farmers are in their economically active stage of life. This assists and influences decision and attitude to adoption of technology.
Also, there was a positive significant relationship between number of years spent in school and adoption of improved rice technologies in the area. This confirms the work of Saka et al. [24] who reported that number of years spent in school could influence positively adoption of improved rice varieties. Formal education can increase and enhances farmers' ability to understand and make use of new farming techniques.
There was no significant relationship between farm size and adoption of improved rice technologies. This is contrary to the findings of Saka et al. [24] in which size of rice farms significantly influenced the adoption of improved rice varieties. Table 4 shows that the perceived serious constraints to adoption of improved NERICA rice technologies were: menace of birds destroying the rice field (M = 4.96), menace of grass cuter as pest (M = 4.47), high cost of labour (M = 3.41), high cost of agrochemicals (M = 3.10), inadequate credit facilities (M = 2.14), poor market for the harvested rice (M = 2.73), poor access road to farmers' farms (M = 3.61) and poor access to water (M = 2.51). However, inadequate access to NERICA rice varieties (M = 1.59), incompatibility of innovations (M = 1.59), lack of sufficient land (M = 1.96), lack of adequate technical knowledge on the use of improved technology (M = 1.45), inadequate/poor extension contact (M = 1.12), poor fertility of the soil (M = 1.61) and others were regarded as not serious constraints. This shows that eight (8) out of the nineteen (19) variables (which represents 42% of the variables) were perceived by the beneficiary famers as serious constraints militating against adoption of improved NERICA rice technologies. A good number of standard deviation values were more than one whole number, showing that responses of the farmers on these constraints varied and it signifies divergence of views with regard to these constraints.
Perceived constraints to adoption of improved NERICA rice technologies
Personal information obtained during the data collection revealed that beneficiary farmers complained bitterly about the damage done to rice farms by birds, which had caused a lot of participating farmers to discontinue with improved NERICA rice varieties. Largely this could explain the findings by Adedeji et al. [5] that non-adopters had higher output and yield than the adopters of NERICA technologies. It was observed that pests have preference for NERICA paddy output over the local rice varieties. Furthermore, according to Odogola [25] , pests are among the most serious constrains of both lowland and upland rice and if not effectively controlled, can cause considerable loss in crop yield and markets.
Although rice farmers had access to inputs like agrochemicals, extension services and training on how to combat pest like grass cuter to some extent, these measures still seem inadequate in the process of effective adoption of improved NERICA rice technologies. These findings are similar to those of Lahai et al. [17] who suggested that high cost of production, low income to farmers, low savings/investment are responsible for the widespread incidence of poverty among rice farmers and hence, the persistence of constraints in rice production.
CONCLUSION
The study shows that younger farmers dominated rice production with about two-thirds of them with 30 years and above. This is a good signal because they are still in their economically active age and might still be interested in seeking new innovations that can improve their overall rice production. The findings revealed the number of years spent in school and age were key determinant to adoption of NERICA improved rice technologies. The findings revealed that menace of birds, menace of grass cuter, high cost of labour, high cost of agrochemicals, inadequate credit facilities, poor market for the harvested rice, poor access road to farmers' farms and poor access to water were perceived to be serious constraints to adoption of improved NERICA rice technologies. Generally, there appeared to be a relatively low level of adoption of NERICA rice technologies except for fertilizers, herbicides, agronomic practices and planting methods which accompany complementary technologies. It is good to note that complementary technologies could not have been totally strange to the rice farmers while NERICA rice technologies could have been incompatible with existing knowledge, preference and culture of the rice farmers.
RECOMMENDATIONS
Based on the findings of this study, the following recommendations were made: Ø Researchers should enhance farmers' participation and interaction of local and ecological knowledge to enhance generation of socially, economically and ecologically adaptable rice varieties.
Ø Government should evolve strategies that will encourage involvement of more educated and young people in rice production.
Ø Government interventions/agricultural development programme should be accompanied by released infrastructures, production inputs for quick uptake by beneficiaries.
Ø Formation and use of farmers' groups should be maintained by extension service to assist farmers explore the advantage of economies of scale.
Ø Compatibility of NERICA rice technologies should be looked into in terms of preference, knowledge and culture of the rice growers. 
